An annular-ring loaded circular patch antenna with slot-ring array of EBG cells on the ground plane is presented. A comparison is made between the annular ring loaded patch on a conventional PEC groundplane and the same patch on a groundplane with a 2x2, a 4x4 and a 6x6 slot-ring EBG array. It was found that the annular-ring patch antenna with a 4 x 4 slot-ring array in the ground plane is superior in the overall performance (gain, impedance and axial-ratio bandwidth). The array of EBG was found to improve gain by 3.5dB and increase the bandwidth of input impedance by about 60% (from 56MHz to 85MHz) and the bandwidth of axial ratio increased by about 70% (from 14MHz to 24MHz).
INTRODUCTION
The annular-ring patch antenna [1, 2] has been very popular due to its small size and low profile. In [3] , the circular patch antenna coupled to the annular-ring with a cross-slot in the ground plane just at the back of the radiator was shown to significantly reduce the antenna size. But if the dimensions of the antenna become small, its performance, such as the gain and bandwidth, are degraded.
Electromagnetic Band Gap (EBG)
structures [4] [5] [6] have been reported to improve performances in antenna application by suppressing surface waves and limiting diffraction effects at the edges of the truncated ground plane.
In this paper, the different slot-ring array EBG structures are designed to improve the gain and both impedance and axial-ratio bandwidth of the circularly polarized antenna.
The performance of several annular-ring patch antennas are simulated and presented in this paper. to take into account all the different impedance scenarios. They are listed in Table 1 .
DESIGNS OF SLOT-RING EBG GROUND PLANE AND ANNULAR-RING ANTENNAS

SIMULATED RESULTS
The annular-ring patch antennas with a 2x2, a 4x4
and a 6x6 slot-ring array EBG structure in the ground return loss is about 85MHz (from 1.515GHz to 1.60GHz); the axial ratio bandwidth below 3dB is 24MHz (from 1.555GHz to 1.579GHz). But for the antenna without EBG, the impedance bandwidth is only 54MHz (from 1.592GHz to1.646GHz); the axial ratio bandwidth is 14MHz (from 1.605GHz to 1.619GHz).
As the only difference between all the antennas under test is just the presence or the number of elements of the EBG arrays, all the improvements resulted are exclusively due to the effect of the EBG structure.
In fact, it is believed that the surface waves For the proposed antenna, the radiation patterns at XoZ plane and YoZ plane at 1.568GHz are plotted in Fig.4 and 5, respectively. 
CONCLUSIONS
In this paper, a circular-patch antenna loaded by an annular ring and placed on a slot-ring EBG structure is investigated and developed. A complement slot-ring EBG structure is used to increase the performances of the annular-ring patch antenna. The simulated results
show that an annular-ring patch antenna with a 4 by 4 
